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Pediatric obesityAbstract Background: Neck circumference (NC) has been shown to be an indicator of upper-
body subcutaneous adipose tissue distribution. The aim of this study was to investigate the associ-
ation between NC with pattern of fat distribution of obese children, hypertension, abnormal lipid
profile and presence of insulin resistance.
Methods: A cross sectional case-control study was conducted on 50 obese subjects (27 male, 23
female), body mass index (BMI) P95th percentile for age and sex, aged 7–12 years and 50 healthy
children (25 male, 25 female), BMI 15th to <85th percentile, age and sex matched as a control
group. All children were subjected to history taking, complete clinical examination, blood pressure
(BP), and anthropometric assessment (weight, height, BMI, NC, waist circumference (WC) and hip
circumference (HC), biceps; triceps and sub scapular skin fold thickness); and fasting blood glucose,
insulin and lipid profile estimation.
Results: All studied anthropometric parameters; including NC, were significantly higher in obese
than control for total sample, males and females separately. The obese subjects also, showed statis-
tically significantly higher low density lipoproteins (LDL), cholesterol, triglycerides (TG), glucose,
insulin and homeostatic model assessment-insulin resistance (HOMA-IR). A significant positive
correlation was recorded between NC and weight, height, BMI, WC, HC, triceps skin fold and dias-
tolic blood pressure.andard
in; TG,
ference;
ascular;
MPU),
92 A. Atef et al.Conclusion: NC is a valuable predictor for body fat distribution among obese children either cen-
tral (WC and HC) or peripheral (triceps skin fold). It should be used as a screening tool in
population-based studies.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Pediatric
Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
The prevalence of childhood overweight/obesity in Egypt has
increased during the past 30 years.1 Childhood overweight/
obesity; when is due to accumulation of body fat, is associated
with health risk factors both during childhood and adoles-
cence.2 Consequently, identification of overweight/obese chil-
dren early in life may be an important part of an overall
health screening process that could be used to improve well-
being in this population.3,4 The most commonly used screening
tool for detecting childhood overweight/obesity is the body
mass index (BMI); (weight (kg)/height (m) squared). The stan-
dard method used in Egypt relies on the use of the BMI per-
centiles for Egyptian boys and girls constructed by Cairo
University, Diabetes, Endocrine and Metabolism Pediatric
Unit (DEMPU) and The National Research Centre in Cairo.5
Children above the standard 85th percentile are considered
overweight while youth above the 95th percentile are consid-
ered obese.
Neck circumference (NC) as an index of upper-body subcu-
taneous adipose tissue distribution was investigated as a
screening tool for overweight individuals as it is easy to mea-
sure, inexpensive, noninvasive, and unlike waist circumference
(WC), it does not show variations throughout the day. More-
over, NC correlates with many fat-related anthropometric
measurements and cardiovascular (CV) risk factors.6–9 The
free fatty acid release from upper body subcutaneous fat was
found to be larger than that from lower-body subcutaneous
fat, a fact that further strengthens the relevance of measuring
upper-body subcutaneous adipose tissue depots. These obser-
vations indicate that NC as an index of upper body fat distri-
bution can be used to identify overweight and obese patients.10
Also, changes in NC were best correlated with BMI.11
Anthropometric assessment is easy and practical; and early
predictor for excess body fat in children. Therefore, the pur-
poses of this study were to: (a) determine NC in a group of
obese children as compared to a group of healthy non-obese
children serving as controls. (B) Investigate the association
between the pattern of fat distribution, hypertension, abnor-
mal lipid profile and presence of insulin resistance on one hand
and different NC values on the other hand.
Subjects and methods
Patients
The study is a cross sectional case-control conducted on 50
obese subjects (27 male, 23 female), BMI P95th percentile
for age and sex based on the Egyptian Growth Reference
Charts,5 aged 7–12 years recruited from Diabetes Endocrine
and Metabolism Pediatric Unit (DEMPU) at Children
Hospital, Cairo University. Cases were compared to 50 healthychildren (25 male, 25 female), BMI 15th to <85th percentile,
age and sex matched, who were included as controls during
the period from April 2013 to January 2014. Children with
chronic illness, identified syndromes or chromosomal defects
or endocrinal disorders causing obesity, chronic use of gluco-
corticoids, the use of drugs that may affect the metabolism
of lipids and carbohydrates or blood pressure were excluded
from the study. The study protocol was approved by both
the Cairo University’s Research Ethical Committee and
National Research Center and it was conducted in accordance
with the University’s bylaws for human research. Written
informed consent from one of parents was taken after an
explanation of the study before the start.
Methods
All children were subjected to history taking, complete clinical
examination, blood pressure assessment, and anthropometric
assessment (body weight, height, neck circumference (NC),
waist (WC) and hip (HC) circumferences). Anthropometric
measurements were attempted following the recommendations
of International Biological Program.12 All anthropometric
measurements were taken by the same individual who was duly
trained for the task. NC was measured in the midway of the
neck, between mid-cervical spine and mid-anterior neck, to
within 1 mm, with a flexible non-stretchable plastic tape and
approximated to the nearest 0.1 cm, calibrated weekly.13 The
WC was measured at the midpoint between the lowest rib
and the iliac crest (the highest point of the ileum) at the end
of normal expiration,14 while HC is measured at the maximum
circumference over the buttocks. Then, BMI (weight (kg)/
height (m) squared) was calculated. Since Egyptians are close
to Caucasians, British percentiles of McCarthy and colleagues
were used to plot WC on.15
Laboratory investigations
Morning blood glucose, insulin and lipid profile were mea-
sured after an overnight (12-h) fasting. Plasma glucose was
determined by the glucose oxidase method. Plasma insulin
was measured using ELISA immunoassay (DRG Diagnostic
Products Corporation, Los Angeles, CA). Blood concentra-
tions of total cholesterol (TC) and triglycerides were estimated
in serum using calorimetric assay kit produced by P.Z. cormay,
Lublin, Poland. High-density lipoprotein (HDL) was deter-
mined in serum by using calorimetric assay kits produced by
Stanbio laboratory, Boerne, Texas. Low-density lipoprotein
(LDL) was calculated by the use of Friedewald equation 16
as follows: LDL = TC-HDL-TG/5.
Insulin resistance was given by the Homeostasis
Model Assessment – Insulin Resistance Index (HOMA-IR)
according to the fasting insulin and glucose levels as follows:
Neck circumference and fat distribution 93HOMA-IR = fasting serum insulin (IU/ml) X fasting serum
glucose (mg/dL)/405 (Insulin resistance being defined as a
HOMA index > 3.16).17
Statistical analysis
It was performed using Statistical Package for Social Sciences
(SPSS) for Windows version 16.0. Measured data were
described as mean and standard deviation (for parametric vari-
ables), number and percentage (for categorical variables). Dif-
ference between two groups was measured using unpairedTable 1 Descriptive characteristics of the cases according to se
parameters compared to control groups of the same gender: Weig
standard deviation score, BMI SDS: body mass index standard deviat
diastolic blood pressure measured in mmHg, HDL: high density
measured in mg/dl, TG: triglycerides measured in mg/dl, cholesterol i
fasting insulin is measured in lU/mL, HOMA-IR: Homeostasis
circumferences are measured in cm. Biceps, triceps and subscapular
considered significant.
Parameters Male cases
n= 27 (1)
Control males
n= 25 (2)
Female ca
n= 23 (3)
Mean ± SD
Median (range)
Mean ± SD
Median (range)
Mean ± S
Median (r
Age (year) 9.41 ± 1.95
10 (7–12)
8.96 ± 1.79
9 (7–12)
10.52 ± 1.
11 (7–12)
Weight SDS 3.26 ± 1.77
2.7 (1.3–8.5)
0.13 ± 0.67
0 (1–1.4)
2.73 ± 0.9
2.5 (1.4–5.
Height SDS 0.51 ± 1.2
–0.6 (3.4–2.8)
0.67 ± 0.63
–0.8 (1.7–0.6)
0.47 ± 0
–0.4 (2.5
BMI SDS 3.29 ± 0.67
3.3 (2.3–4.6)
0.85 ± 0.78
0.7 (0.8–2.3)
2.89 ± 0.3
3 (2–3.5)
Neck
circumference
32.9 ± 1.63
33 (29–35)
28.98 ± 1.66
29 (26.5–32)
33.87 ± 1.
34 (30.5–3
Waist
circumference
88.11 ± 7.66
87 (75–100)
56.84 ± 4.56
56 (51–65)
89.32 ± 0.
88 (77–114
Hip
circumference
91.74 ± 8.95
88 (78–111)
67.24 ± 7.53
66 (58–82)
98.76 ± 10
100 (81–12
Biceps skin fold 17.33 ± 4.01
17 (11–26)
7.39 ± 2.72
6.6 (4–13.8)
20.17 ± 5.
21 (12–30)
Triceps skin fold 24.52 ± 4.45
25 (18–34)
12.61 ± 3.65
12 (7.6–18)
27.22 ± 4.
28 (19–36)
Sub scapular skin
fold
24.89 ± 5.03
25 (17–36)
10.71 ± 3.38
10 (6–16)
26.7 ± 4.9
27 (18–34)
SBP 112.85 ± 7.41
110 (100–130)
100.44 ± 5.85
100 (90–110)
115.65 ±
120 (100–1
DBP 73.33 ± 8.99
70 (60–95)
62.2 ± 5.22
60 (55–70)
81.52 ± 12
80 (60–100
LDL 108.52 ± 32
109 (33–169)
86.8 ± 18.51
89 (54–120)
97.26 ± 27
97 (47–178
HDL 42.33 ± 12.05
42 (25–78)
46.16 ± 13.03
42 (30–67)
41.48 ± 8.
41 (25–55)
Cholesterol 177.19 ± 28.9
182 (133–232)
149.84 ± 20.73
158 (100–175)
163.39 ±
163 (110–2
TG (mg/dl) 104.59± 27.52
104 (50–175)
56.72± 14.35
56 (42–94)
95.43± 28
91 (40–163
Fasting glucose 94.81± 10.3
95 (75–112)
84.84± 8.72
85 (71–104)
95.13± 8.
95 (78–108
Fasting insulin 17.76± 8.53
15.5 (5.6–39.6)
8.11± 2.41
7.9 (3.2–12.5)
17.67± 7.
15.7 (6.6–3
HOMA-IR 4.2± 2.12
3.3 (1.1–9.3)
1.68± 0.54
1.7 (0.6–2.8)
4.16± 1.9
3.9 (1.4–9.student’s t-test (for parametric variables). Association between
variables was assessed using Pearson’s correlation coefficient
(for parametric variables). *p-Value <0.05 was considered
significant.18
Results
In spite of females having higher values than males in almost
all studied anthropometric parameters, significant differences
were observed only in age, neck circumference, hip circumfer-
ence, biceps skin fold and triceps skin fold (p= 0.03, 0.03,x regarding age and anthropometric, clinical and laboratory
ht SDS: weight standard deviation score, Height SDS: height
ion score, SBP: systolic blood pressure measured in mmHg, DBP:
lipoprotein measured in mg/dl, LDL: low density lipoprotein
s measured in mg/dl, fasting blood glucose is measured in mg/dl,
Model Assessment-Insulin Resistance. Neck, hip and waist
skin fold thicknesses are measured in mm, p-value <0.05 was
ses Control females
n= 25 (4)
p-Values
D
ange)
Mean ± SD
Median (range)
5 9.68 ± 1.63
10 (7–12)
1 vs 3 (0.03), 1vs 2 (0.39), 3vs 4
(0.07)
7
6)
0.066 ± 0.55
0 (0.9–1.3)
1 vs 3(0.18), 1vs 2 (0.000), 3vs 4
(0.000)
.84
–0.8)
0.73 ± 0.59
–0.9 (1.7–0.3)
1 vs 3 (0.9), 1vs 2 (0.55), 3vs 4
(0.22)
9 0.72 ± 0.73
0.7 (0.5–3)
1 vs 3 (0.01), 1vs 2 (0.000), 3vs 4
(0.000)
47
6)
29.38 ± 1.83
29.5 (26–32.5)
1 vs 3 (0.03), 1vs 2 (0.000), 3 vs 4
(0.000)
39
)
59.52 ± 5.77
58 (52–75)
1 vs 3(0.6), 1vs 2 (0.000), 3 vs 4
(0.000)
.58
0)
72.08 ± 7.23
70 (60–88)
1 vs 3 (0.01), 1vs 2 (0.000), 3 vs 4
(0.000)
11 9.28 ± 3.41
9 (5–15)
1 vs 3 (0.03), 1vs 2 (0.000), 3 vs 4
(0.000)
91 15.71 ± 3.95
16 (10–22)
1 vs 3(0.04), 1vs 2(0.000), 3 vs 4
(0.000)
14.11 ± 4
15 (6.8–21)
1 vs 3(0.2), 1 vs 2(0.000), 3 vs 4
(0.000)
10.69
30)
102.6 ± 5.97
100 (90–110)
1 vs 3 (0.3), 1 vs 2 (0.000), 3 vs 4
(0.000)
.65
)
64.84 ± 6.11
65 (55–76)
1 vs 3 (0.01), 1 vs 2 (0.000), 3 vs 4
(0.000)
.41
)
88.88 ± 21.67
84 (54–120)
1 vs 3 (0.2), 1 vs 2 (0.004), 3 vs 4
(0.24)
15 40.76 ± 8.15
38 (31–61)
1 vs 3 (0.77), 1 vs 2 (0.28), 3 vs 4
(0.76)
25.43
18)
143.16± 29.26
137 (100–181)
1 vs 3 (0.08), 1 vs 2 (0.02), 3 vs 4
(0.014)
.86
)
57.44± 16.87
53 (39–94)
1 vs 3 (0.26), 1vs 2 (0.000), 3 vs 4
(0.000)
73
)
90.36± 10.51
92 (73–105)
1 vs 3 (0.9), 1 vs 2 (0.000), 3 vs 4
(0.09)
76
8.1)
7.64± 3.11
7.1 (1.5–14)
1 vs 3(0.97), 1 vs 2(0.000), 3 vs 4
(0.000)
2
6)
1.72± 0.79
1.7 (0.3–3.5)
1 vs 3 (0.95), 1 vs 2 (0.000), 3 vs 4
(0.000)
94 A. Atef et al.0.01, 0.03, and 0.04 respectively), while males had significantly
higher BMI SDS values (p= 0.01). Females had higher values
in SBP, DBP and glucose with only a significant difference in
DBP (p= 0.01), while males had higher values in LDL, HDL,
Cholesterol, TG, Insulin and HOMA-IR but with no signifi-
cant difference. All anthropometric parameters of obese males
were significantly higher than those of the control group except
for age, height SDS which had no statistical significance. All
clinical and laboratory parameters of obese males were signif-
icantly higher than those of the control group except for HDL
which is lower but with no statistical significance. All anthro-
pometric parameters of obese females (group 3) were signifi-
cantly higher than those of female control group (group 4)
except for the height SDS having no statistical significance
(Table 1).Table 2 Comparison between obese and controls as regards age, a
weight standard deviation score, Height SDS: height standard deviat
SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL
triglycerides, HOMA-IR: Homeostasis Model Assessment-Insulin R
Parameters Obese n= 50
Mean ± SD
Median (range)
Age (year) 9.92± 1.83
10 (7–12)
Weight SDS 3.01± 1.47
2.65 (1.3–8.5)
Height SDS 0.49± 1.04
–0.5 (3.4–2.8)
BMI SDS 3.11± 0.59
3.1 (2–4.6)
Neck circumference (cm) 33.35± 1.62
33.5 (29–36)
Waist circumference (cm) 88.67± 8.24
87 (75–114)
Hip circumference (cm) 94.97± 10.26
93.5 (78–120)
Waist/hip (n< 0.72) 0.93± 0.06
Biceps skin fold (mm) 18.64± 4.72
19 (11–30)
Triceps skin fold (mm) 25.34± 4.81
26 (18–36)
Sub scapular skin fold (mm) 25.62± 5
26 (17–36)
SBP (mmHg) 114.14± 9.08
110 (100–130)
DBP (mmHg) 77.1± 11.48
75 (60–100)
LDL (mg/dl) 100.36± 30.1
101 (33–178)
HDL (mg/dl) 41.94± 10.35
41.5 (25–78)
Cholesterol (mg/dl) 170.84± 27.96
174 (110–232)
TG (mg/dl) 100.38± 28.24
96 (40–175)
Fasting glucose (mg/dl) 94.96± 9.51
95 (75–112)
Fasting insulin (lU/mL) 17.72± 8.1
15.65 (5.6–39.6)
HOMA-IR 4.18± 2.01
3.65 (1.1–9.6)All obese subjects had significantly higher values than con-
trol in all studied anthropometric parameters except for height
SDS which has no statistical significance. All the obese subjects
had significantly higher values in all clinical and laboratory
parameters except for HDL which is lower but with no statis-
tical significance (Table 2).
There was a significantly positive correlation between neck
circumference and weight, height, BMI, WC, HC, triceps skin
fold and diastolic blood pressure (p= 0.000, 0.000, 0.05,
0.000, 0.000, 0.039, 0.045 respectively) (Table 3).
Discussion
Vague was the first to realize that different body morphology
or types of fat distribution are related to the various risksnthropometric, clinical and laboratory parameters: Weight SDS:
ion score, BMI SDS: body mass index standard deviation score.
: high density lipoprotein, LDL: low density lipoprotein, TG:
esistance. p-Value < 0.05 was considered significant.
Control n= 50 p
Mean ± SDMedian (range)
9.32± 1.73
9 (7–12)
0.095
0.09± 0.61
0 (1–1.4)
0.000**
0.7± 0.6
–0.85 (1.7–0.6)
0.229
0.78± 0.74
0.7 (0.8–3)
0.000**
29.18± 1.74
29 (26–32.5)
0.000**
58.18± 5.32
56 (51–75)
0.000**
69.66± 7.71
68.5 (58–88)
0.000**
0.83± 0.05 0.000**
8.34± 3.2
7.4 (4–15)
0.000**
14.16± 4.08
13.1 (7.6–22)
0.000**
12.41± 4.04
12 (6–21)
0.000**
101.52± 5.95
100 (90–110)
0.000**
63.52± 5.78
65 (55–76)
0.000**
87.84± 19.97
88.5 (54–120)
0.003**
43.46± 11.1
39 (30–67)
0.480
146.5± 25.32
158 (100–181)
0.000**
57.08± 15.5
54.5 (39–94)
0.000**
87.6± 9.96
87.5 (71–105)
0.000**
7.88± 2.77
7.7 (1.5–14)
0.000**
1.7± 0.67
1.7 (0.3–3.5)
0.000**
Table 3 Correlation between neck circumference and other
parameters among obese subjects: Weight SDS: weight stan-
dard deviation score, Height SDS: height standard deviation
score, BMI SDS: body mass index standard deviation score,
SBP: systolic blood pressure, DBP: diastolic blood pressure,
HDL: high density lipoprotein, LDL: low density lipoprotein,
TG: triglycerides, HOMA-IR: Homeostasis Model Assessment-
Insulin Resistance. p-Value < 0.05 was considered significant.
Parameters Obese n= 50
r p-Value
Anthropometric
Weight (kg) 0.589 0.000**
Weight SDS 0.105 0.469
Height (cm) 0.617 0.000**
Height SDS 0.091 0.531
BMI (kg/m2) 0.279 0.05*
BMI SDS 0.298 0.036
Waist circumference (cm) 0.530 0.000**
Hip circumference (cm) 0.557 0.000**
Waist/hip (n< 0.72) 0.160 0.268
Biceps skin fold (mm) 0.265 0.062
Triceps skin fold (mm) 0.271 0.039*
Sub scapular skin fold (mm) 0.242 0.091
Clinical
SBP (mmHg) 0.128 0.377
DBP (mmHg) 0.284 0.045*
Laboratory data
LDL (mg/dl) 0.029 0.844
HDL (mg/dl) 0.128 0.377
Cholesterol (mg/dl) 0.045 0.755
TG (mg/dl) 0.052 0.722
Fasting glucose (mg/dl) 0.279 0.057
Fasting insulin (lU/mL) 0.158 0.274
HOMA-IR 0.109 0.451
Neck circumference and fat distribution 95associated with obesity. He used a neck skin fold as an index
of masculine differentiation to assess upper-body fat
distribution.19
The present study showed a significant increase in NC in
the obese group compared to the other control group for all
samples as well as for males and females when compared sep-
arately. This agrees with the results from China,20,21 Greece,22
USA.8,23 A limitation of the previous studies was that the NC
values could not be used in clinical practice, only if it system-
atically validates the published NC cut-off values in separate
studies prior to its widespread use in clinical settings. More-
over, all of the above-mentioned studies advocated the use of
NC measurement, primarily based on its ‘‘practicality” for
clinical settings.8 Some of the practical features of NC mea-
surement are being discussed in several studies as being easy/
simple/inexpensive to use, unnecessary to remove upper
clothes, and less susceptible to harsh weather than other mea-
sures (i.e., WC).8,20–23
In the current study, weight, WC, HC, calculated W/H
ratio, as well as the biceps; triceps and subscapular skin fold
thicknesses were significantly higher in the obese group in com-
parison with the control group for total sample as well as for
males and females separately. This agrees with the findings
from Egypt done by Hassan and colleagues who study 1283
children (681 boys, 602 girls) aged 6–11 years.24Studied anthropometric parameters in our study also
helped in evaluating the adiposity and fat distribution. These
were WC, HC, as well as the biceps, triceps and subscapular
skin fold thickness measurements. The results of the present
study showed statistically highly significant correlations
between NC and weight, height, BMI, WC, HC triceps skin
fold and DBP in the obese group. Two studies were conducted
in China; the first one recruited 3182 subjects and found that
NC is positively related with BMI, and WC,20 the second study
showed that NC was significantly correlated with age, BMI
and WC in both boys and girls.21 So, NC has a positive corre-
lation with central obesity in our studied age group.
A significant direct positive correlation observed between
NC and WC (a surrogate of central adiposity); and triceps skin
fold thickness (as an index of peripheral adiposity distribution)
was similar to the results conducted in previous studies in adult
in Kuwait,25 and in children in Turkey.7 Also, in another study
it was concluded that WC provides a simple, yet effective mea-
sure of central adiposity in children and adolescents.26,27 WC
was approved to be used as a screening measure for increased
abdominal fat mass in children as concluded in a study that
recruited 14,500 child aging 0–21 years.28
Regarding the relation between the blood pressure (BP)
measurements and obesity it has been suggested that both fat
mass and fat distribution are important risk factors in assess-
ing CV risk even in children.29,30 The current study showed a
statistical higher SBP and DBP in the obese group compared
to controls in total sample and for each sex separately, and a
positive correlation of NC with DBP indicating a strong rela-
tionship between obesity and hypertension. This agrees with a
study done in the USA whose work was conducted on 1058
children aged 6–18 years and found that increasing NC and
BMI were associated with elevated BP in children.8 Also, sim-
ilar results were obtained in another Turkish study.11
Obese subjects in the current study showed statistically sig-
nificantly higher levels of LDL, TG, cholesterol, glucose and
insulin values when compared to control in all samples in
male’s group, this is similar for female’s group except for
LDL and glucose. Although HDL value was lower in the obese
group compared to the control group it was statistically not
significant. The previous findings could be explained by the
high intake of saturated fat and the low intake of dietary fiber
as a general eating habit of Egyptian due to poverty which will
be more aggravated in the obese group although the nutri-
tional status of the obese subjects were not assessed in this
study however, this was reported clearly in a previous study
concluding that saturated fat was higher than the recom-
mended daily allowances (RDAs) in the diet of Egyptian chil-
dren and adolescents.31
One of the complications of obesity is insulin resistance
(IR) which if persists leads to gluco-toxicity progressing to
chronic hyperglycemia and eventually clinical diabetes.32 Pre-
vious studies have been performed on obese subjects exploring
the clinical significance of high normal FBG. IR has been
implicated in the pathogenesis of metabolic syndrome, more-
over obesity in children and adolescents is the most common
feature associated with IR.33 In a study conducted in Italy
on a sample of 323 obese children, they found that high normal
FBG was associated with seven fold increased risk of impaired
glucose tolerance and insulin resistance.34 It was reported that
there was reduction in both insulin sensitivity and B cell func-
tion at increasing FBG in normo-glycemic multiethnic obese
96 A. Atef et al.youth thus demonstrating that some deterioration of glucose
homeostasis is already present in obese adolescents even in
apparently normal FBG.35 The results of the current study
showed statistically significantly higher markers of FBG and
insulin resistance in obese when compared to control in total
sample and male’s group while with no statistical significance
in FBG for female’s group.
Further studies are needed for detecting NC on a wider
scale to determine cut-off values for Egyptian obese children,
and to identify risk for cardio-metabolic co-morbidities. This
reinforces the need of identifying this population early to
develop an effective intervention. Such identification requires
practical and rapid screening methods with good accuracy
and sensitivity. WC has been used for this purpose and relates
to cardiovascular risk factors. However, WC varies through-
out the day. In this sense, NC could be used as an alternative.
Our study has a limitation of the unavailability of Egyptian
standards for WC; therefore, the British standards 15 were used
as they are the closest to our race. Also the nutritional status of
the obese subjects was not assessed in this study.
Conclusion
Neck circumference is valuable for predicting excessive body
fat, fat distribution; either central obesity (waist and hip cir-
cumferences), or peripheral adiposity (triceps skin fold) in chil-
dren aged 7–12 years. It is easy and quick to measure,
noninvasive and inexpensive. It should be used as a screening
tool in population-based studies.
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